The in vitro testing of collections of compounds has reached a stage where more compounds can be tested than can be synthesised. To keep up with this demand chemists have turned towards investigating parallel synthesis methods, which reduce the time spent in the work-up of a reaction. The vast literature regarding solution-phase chemistry and simple reaction monitoring has encouraged chemists to consider synthesis in solution-phase with the aid of supported reagents. Although the first developments were published over three decades ago, only recently has their appeal reached a wider audience.
Introduction
For the synthetic organic chemist supported reagents can reduce the time spent in handling reagents and in the work up of the target compound by reducing or eliminating the need for labour intensive purification steps. Supported reagents make it possible to use filtration to remove some or all of the reactants from the products. This has been the main stimulus for the recent growth in interest of supported reagents. Medicinal chemists have begun to evaluate their use for the parallel synthesis of compound libraries. For the pharmaceutical companies, the discovery of an efficacious compound is of paramount interest; the potential revenue promised by a market leading drug is enormous thus medicinal chemists are experiencing ever increasing pressures to find new drugs. This has been a major factor which has been marked with the rise of combinatorial chemistry 1 and solid-phase synthesis. But chemistry on the solid-phase, although successful in many cases is limited by two principle factors, firstly by the number of known validated protocols. As often solution-phase chemistry requires some customisation before it proceeds well on the solid-phase. Secondly the linker, the point of attachment of organic molecules to the solid-phase requires a functional group handle; very often a polar func-tional group remains to serve as a memory of the attachment point in the final compounds; this restricts the structural content of the library and hence the diversity of the compound collection.
Working in solution-phase counters these restrictions and allows for easier reaction monitoring, for example by thin layer chromatography. Supported reagents offer an opportunity to hasten solution-phase synthesis by combining the advantages of solid-phase and solution-phase chemistries.
The major opportunities which supported reagents offer are:
(i) ease of workup.
(ii) make safe toxic, odorous or explosive reagents. (iii) combinations of supported reagents can be added without interaction between them.
The main limitations are:
(i) reactions are often slower than their homogeneous analogues. (ii) the support needs to be compatible with the reaction conditions. (iii) reagents can be expensive to prepare and the loading can be low -limiting the scale of an experiment.
This review will attempt to highlight the synthetic utility of supported reagents. It is beyond the scope of this article to cover every published report, rather to highlight those reagents which in our opinion the synthetic organic chemist should be made aware of. We have also omitted the topic of scavenger resins, 2 the inspired reader is directed towards recent review articles 3 which cover the subject in greater detail. The term polymer supported reagent (PS-R) will be used for those reagents which have been attached to cross linked polystyrene. The reagent may be either covalently or ionically attached to the organic support as illustrated (Scheme 1) by PS-triphenylphosphine 1 and PSborohydride exchange resin 2 respectively. Alternatively the reagent may be covalently attached to a polyethylene glycol, to provide the PEG-supported reagents 3b. In the final classification, the reagent may be adsorbed on to an inorganic solid such as silica to give what we shall call the solid supported reagent (SS-R) 4.
The Swern oxidation method 4 is widely used to oxidise alcohols to aldehydes and ketones. The major byproduct is dimethyl sulfide -a toxic and unpleasant smelling gas. Cross-linked chloromethyl polystyrene (Merrifield resin) has been used to support 6-methanesulfinyl hexanoic acid to give the PS-sulfoxide 5 3a and substituted for dimethyl sulfoxide in the oxidation procedure. Using this PS-reagent 3a the oxidation reactions (Scheme 2) occurred under normal Swern conditions showing PS-sulfoxide 3a to be an efficacious dimethyl sulfoxide substitute. A variety of alcohols have been used (5, 7, 9) 
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supported sulfide could be recycled and reused after oxidation with sodium periodate. However the oxidation capacity of the polymer supported reagent was reduced from 92% to 78%. The authors suggest degradation of the polymer support to be the likely cause. In a later publication 6 the same laboratory reported that attachment of the same sulfoxide to a soluble polyethylene glycol polymer overrides these limitations and the PEG-sulfoxide 3b could be recycled numerous times without apparent loss of activity. The PEG-sulfoxide 3b was removed by precipitation using diethyl ether followed by filtration.
PS-Carbodiimide
When dealing with acid sensitive compounds the Moffatt oxidation 7 procedure has proven to be an extremely valuable method. Under the classical conditions dicyclohexylcarbodiimide is used, and the major contaminant is the corresponding urea which can be difficult to remove from the product. Although water soluble carbodiimides have partially addressed this problem the isolation of water soluble aldehydes or ketones can cause some difficulties. In this regard the polymer supported version 11 8 
PS-Perruthenate
Oxidations using PS-perruthenate 9 (PS-P) reagent 14 have been carried out using either stoichiometric or catalytic amounts of the reagent. The catalytic system (20 mol% of PS-P) operates in conjunction with a co-oxidant such as trimethylamine N-oxide (TMO) which produces the volatile trimethylamine as the by-product and leaves the desired carbonyl compound free from any other contamination. Typically reactions (Scheme 4) were carried out in dichloromethane at room temperature using either trimethylamine N-oxide (TMO) or Nmethylmorpholine N-oxide (NMO). Molecular sieves (4Å) were used to accelerate the reactions which are usually complete in 16h giving good to excellent yields of the products (>50%). This 'clean technology' has been extended to the use of oxygen 10 
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again provide the products free from impurities. PS-P 14 has also been used to generate nitrones from secondary hydroxylamines. 11 Diethylhydroxylamine 19 was converted to the nitrone 22 in chloroform at room temperature in a one-pot procedure. When generated in the presence of a dipolarophile such as methyl acrylate 20a (R = CO 2 CH 3 ) the isoxazolidine 20b was produced in high yield (91%) via a 1,3-dipolar cycloaddition.
PS-hypervalent iodine (PS-DIB)
The synthesis and use of polymer supported (diacetoxyiodo)benzene (PS-DIB) 23 has been known for some years 12 but recently its synthetic application has been extended. 13 The reagent has been used to obtain a range of useful products (Scheme 5) in oxidative reactions which proceed in high yield and high purity. Acetophenones such as 24 were α-hydroxylated using heat (60ºC) or excess 23 at room temperature to give acyloins resembling 25 quantitatively. Similarly, benzyl alcohols were oxidised to the benzaldehydes (100%). Worthy of a special mention is an oxidative diastereoselective spirocyclisation reaction using tyrosine derivatives 26 which gave the chiral spirodienones 27, 28 and 29 (84%, 80%, 84% respectively). Furthermore the use of an excess of the PS-DIB 23 gave consistently high yields of the desired products, in contrast to the soluble material which can be capricious. The PS-DIB 23 consumed in these reactions was regenerated by oxidation with peracetic acid. The regenerated resin showed no loss in activity.
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PS-Osmium tetroxide
The cis-dihydroxylation of alkenes by osmium tetroxide to form cis-1,2-diols is one of the most reliable synthetic transformations known. 14 The hazardous toxicity associated with osmium tetroxide and high cost have led to the development of non volatile tertiary amine -osmium tetroxide adducts which still retain the original reactivity of the reagent. Catalytic systems were developed at a later stage using catalytic amounts of osmium tetroxide working together with a stoichiometric amount of secondary oxidant to regenerate the tetroxide. The polymer bound reagents 15 30, 31 (Scheme 6) were easily prepared from cross-linked poly 4-vinylpyridine or by using a resin bound 1,4-diazabicyclo[2.2.2]octane (DABCO) equivalent. These resins bearing a tertiary amino function were then treated with a solution of osmium tetroxide in cyclohexane to complex the tetroxide to the resin via the amino function. PS-Osmium tetroxide offers the advantage of an easy workup without the need to decompose residual osmium tetroxide. The hydroxylations of olefins such as 32, 34, and 36 demonstrate this and reactions were carried out in tert-butyl alcohol with 0.2-1% of PS-osmium tetroxide using hydrogen peroxide or trimethylamine N-oxide (TMO) co-oxidant. The best results, with respect to reaction rate and yield were obtained by using either 30 or 31 with trimethylamine N-oxide (TMO) in tert-butyl alcohol. Iodometric testing confirmed that no leaching of the osmium tetroxide into the product occurred. Once made the PS-Osmium tetroxide can be stored for weeks without any noticeable decline in reactivity.
Scheme 6
Kobayashi has shown that polystyrene can be used to microencapsulate 16 (MC) osmium tetroxide. The osmium tetroxide becomes physically enveloped by the polymer presumably on the basis of interactions between the πelectrons of the benzene rings of the polymer and a vacant orbital of osmium tetroxide. Prepared by simply cooling a solution of polystyrene and osmium tetroxide from 40 ºC to 0 ºC, followed by washing to remove unencapsulated reagent. The effective use of PS-MC-osmium tetroxide was demonstrated by dihydroxylating a range of olefins using 5mol% of PS-MC-osmium tetroxide and N-methylmorpholine N-oxide (NMO) in a water-acetone-acetonitrile (1:1:1 v/v/v) solvent mixture at room temperature over 6-48h. In each case the product diol was obtained in a high yield (>74%) and gratifyingly without any detectable leaching of osmium tetroxide.
SS-Sodium periodate
Sodium periodate is used for the oxidative cleavage of vicinal diols into dicarbonyl compounds. Its specificity and reactivity under mild, neutral conditions have made it a popular reagent amongst carbohydrate chemists. The reactions are usually performed in aqueous alcohols or tetrahydrofuran, but the effectiveness is limited by its insolubility in non-polar solvents. This can pose problems for vicinal diols which are either poorly soluble in aqueous alcoholic media or for those product aldehydes which are very water soluble and thus difficult to extract from water. Silica gel supported sodium periodate 17 4 (Scheme 1) has been used to overcome these difficulties. The reagent was prepared by adding a hot (70 ºC) solution of sodium periodate (2.6g in 5ml of water) to silica gel (10g, 230-400 mesh). Reactions (Scheme 7) have been performed in dichloromethane at room temperature in short reaction times (10 − 30 mins). Each of the diols 38, 40 and 42 gave good yields of the expected products (all >90%).
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Reductions using supported reagents
PS-Borohydride exchange resin
Amberlyst anion exchange resins of the quaternary ammonium type have been used to support borohydride anion to give what is now generally called polymer supported borohydride exchange resin 18 (PS-BER) 2; a polymer supported equivalent of sodium borohydride.
The reagent was prepared by stirring an aqueous solution of sodium borohydride with the Amberlyst resin (chloride form) for 30 minutes. After filtering and washing with distilled water to remove excess sodium borohydride, the resin was dried under vacuum to give the product ready to use. Its reducing capacity was determined by reaction with benzaldehyde and glc analysis of the resulting benzyl alcohol. A series of competitive reduction experiments established that using 2 the reduction of aldehydes occurs faster than ketones (Scheme 8 
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temperature without reduction of the conjugated double bond, thus demonstrating an alternative to the solution phase systems developed by Luche. For strong Michael acceptors such as 1-nitro-1-cyclohexene 54, hydride transfer is observed to occur in a conjugate sense to furnish the saturated nitro compound 55 in good yield (80%). Finally using PS-BER 2 azidomethylbenzene 56 was reduced to the aniline 57 (96%) in refluxing methanol in 3h.
PS-Cyanoborohydride
Prepared in a similar way to PS-BER, PScyanoborohydride 19 has been used to mediate reductive amination reactions at room temperature. The reactions are slower when compared with the parent reaction using sodium cyanoborohydride but proceed in equally high yields. The easy work-up together with the retention of cyanide ion on resin make PS-cyanoborohydride a safe and effective alternative to classical methodology.
PS-Borohydride exchange resin and nickel acetate
The addition of transition metal salts to sodium borohydride is known to enhance the reducing ability of sodium borohydride when compared with the reducing agent alone. The same holds true for a combination of PS-BER 2 and nickel acetate. 20 Both aliphatic and aromatic nitro compounds can be reduced in short reaction times and in good yields. A wide range of substrate functionality is compatible with this reagent combination (Scheme 9) and it has been described as the reagent of choice for the reduction of nitro group to the amino group as seen by compounds 58, 60, 62. This combination also serves to reduce aromatic aldoximes 64 and azides 66 to the corresponding amines 65 and 67. A variety of aromatic chlorides, bromides and iodides have also been reduced to give the dehalogenated product, as exemplified by reduction of 3bromoquinoline 68 into quinoline 69 at room temperature in 3h (80%).
PS-Tin hydride and PS-tin chloride
The versatility of tin hydride reagents and the associated difficulties in separating this toxic metal from the product has led to the development of a PS-tin hydride 70 equivalent. The most recent preparation of this has been described by Nicolaou 21 using an adapted but previously reported hydrostannation protocol. 22 This gives a reagent where the tin atom is separated from the aromatic nucleus by two atoms, hence is stable towards splitoff. These reagents have been developed and used 23 (Scheme 10) to mediate numerous radical reactions, typically in dry benzene or toluene at elevated temperatures for 4h using the radical initiator 2,2´-azobis(isobutyronitrile). Examples include: the dehalogenation of the α-bromo camphor derivative 72 and deamination of secondary and tertiary amines. For example cyclohexylamine 74 is converted to cyclohexane via the isocyanide 75 in moderate yield (44%). PS-Tin hydride 70 was also effective in mediating a Barton dehydroxylation of a steroid alcohol (80%).
PS-Tin chloride, the synthetic precursor to PS-tin hydride, has been used as a linker in the solid-phase synthesis of the natural product (S)-Zearalone 21 (Scheme 10). Although this is beyond the scope of this article, we think this minor digression will interest the reader. In this synthesis, PS-tin chloride reacts with the vinyl lithium 77 in tetrahydrofuran to give, after removal of the tertbutyldimethylsilane (TBS) protecting group, a resin bound (E)-6-(dibutylphenethylstannanyl)hex-5-en-1-ol analogue 78 in high yield (91% over two steps). This fragment was elaborated to give 79 and the synthesis concluded using a Stille coupling to deliver the natural product 80. 
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Supported triphenylphosphine
Many reactions which involve the use of triphenylphosphine produce triphenylphosphine oxide as a common byproduct. This can cause problems in its removal from the product as it is neither water soluble nor volatile. So PStriphenylphosphine 24 1 introduces an instant advantage.
PS-triphenylphosphine 1 and carbon tetrachloride have been used to convert both carboxylic acids to the corresponding acid chlorides (Scheme 11) and alcohols to the corresponding alkyl chlorides. The reactions 25 give good yields under mild and neutral conditions with short reaction times under reflux (<6h). Using these conditions the trans-cinnamic acid 84 and phenoxyacetic acid were transformed to their acid chlorides 85 and 87 (77% and 50% respectively). This reagent combination has also been used to prepare amides 26 from N-protected amino ac-ids and amines. The three major amine protecting groups (CBz, Boc and Fmoc) were shown to be compatible with the conditions and the required amides were isolated in 78-100% yield, with negligible epimerisation at the α-carbon atom.
Another application has found these reagents to be an effective combination 27 for the dehydration of primary amides such as 4-nitrobenzamide 88 and aldoximes like benzaldehyde oxime 94 to the corresponding nitriles 89 and 95. Reactions were carried out in carbon tetrachloride or 1,2-dichloroethane at reflux (<4h) and afforded the products in good to excellent yields (>75%). Under the same conditions secondary amides such as N-phenylben- 
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zamide 90 and the ketoxime diphenylmethanone oxime 92 react to give the imidoyl chloride 93. The products were produced in essentially quantitative yields. This is probably due to the simplified workup of these sensitive intermediates.
PS-Triphenylphosphine dichloride (PS-PPh 3 Cl 2 )
Reaction of PS-phosphine oxide with phosgene in dichloromethane at 25 ºC produces the corresponding PS-triphenylphosphine dichloride 28 81, which has been used to effect each of the transformations already outlined (Section 4). The spent resin was regenerated using phosgene to give the reagent ready for re-use.
PS-Triphenylphosphine dibromide (PS-PPh 3 Br 2 )
PS-Triphenylphoshine dibromide 82 (Scheme 11) is effortlessly prepared by the addition of bromine to PS-triphenylphosphine 1 and has been used to synthesise carbodiimides 29 from N, N´-disubstituted ureas. Carbodiimides like 97 are synthetically useful intermediates and have been used towards the synthesis of guanidines and several heterocyclic systems. Carbodiimide synthesis is hampered by their instability and intolerance towards the commonly used purification techniques such as distillation and chromatography. Using PS-triphenylphoshine dibromide 82, a good yield (90%) of the carbodiimide 97 was obtained by slowly adding the urea 96 to a mixture of PS-triphenylphosphine dibromide 82 and triethylamine in cold dichloromethane (0 ºC). In an earlier publication N, N´-thioureas were used to the same overall effect. 30 
PS-Triphenylphosphine diiodide (PS-PPh 3 I 2 )
Prepared in a similar way to PS-triphenylphosphine dibromide 82, PS-triphenylphoshine diiodide 31 83 (Scheme 11) has been used to convert alcohols to iodides. The utility of this reagent was demonstrated by converting N-protected amino alcohols of the type 98 to the enantiopure N-protected β-amino iodides 99 and 100. These iodides were then transformed to the N-or C-protected homo-β-amino acids via an overall one carbon homologation procedure.
The key step in this process is the synthesis of the enantiopure N-protected β-amino iodides 99 and 100. The process is high yielding, quick, clean and amenable to scale up.
PS-Phosphonium salts and PS-phosphoranes
The Wittig reaction is widely used for the introduction of a carbon-carbon double bond. Ford and Bernard 32 have prepared the polymer supported reagents (104, 105) . By heating PS-triphenylphosphine 1 with benzyl bromide or methyl iodide in dimethylformamide at 70 ºC over 48h to give the phosphonium salts 102 and 103 (Scheme 12) in good yields (86% and 96% respectively). The phosphorane 104 was generated by treating 102 with sodium methoxide and for 105 using the sodium salt of dimethyl sulfoxide. The Wittig reactions proceeded smoothly using tetrahydrofuran and were complete within 16h at 20 ºC in very good yields. The chief drawback seems to be that the conditions required for the synthesis of the polymer supported Wittig reagents are dependent upon the halide being used and requires some investment of time to optimise the reaction. This inconvenience may deter some chemists, however once made the products from the Wittig reactions can be obtained in high yields as seen in 106 and 108. The yields compare well with the analogous reactions using soluble reagent. Furthermore the polymer supported byproduct, the phosphine oxide, was reduced with trichlorosilane to regenerate PS-triphenylphosphine 1.
This was used for further Wittig reactions with no loss in yield.
PS-Wittig reagents have also been used to synthesise retenoid compounds; 33 these light, moisture and heat sensitive compounds benefit in yield from the minimal workup required using the polymer supported reagents.
Supported nucleophiles
PS-Azide
Nucleophilic substitution by an azide anion is a well documented route into alkyl azides. Some of the problems associated with this reaction are due to the low solubility of inorganic azides in organic solvents. This has been addressed by using organic azides such as tetraalkyl ammonium azide; other methods use phase transfer conditions and in some circumstances Lewis acid catalysis. Usually heating of these thermally instable compounds is required. Azide anion, supported on Amberlite anion exchange resin 109 has been used to substitute activated and non activated alkyl halides at room temperature in quantitative yields (Scheme 13). The resin, PS-azide 34 109 was prepared by mixing Amberlite ion exchange resin (chloride form) with an aqueous solution of sodium azide (20%). The substitution reactions were carried out in a variety of 
Scheme 12
solvents at 20 ºC but worked best in acetonitrile or dichloromethane, giving the azide products in high yields -as confirmed by the transformation of chloromethylbenzene 114 to azidomethylbenzene 115 (98%) in dichloromethane at room temperature in 2h.
PS-Cyanide
Cyanide anion supported on Amberlite anion exchange resin (chloride form) 110 has been prepared 35 in a similar way to PS-azide 109 (Section 5.1). Many activated halides have been transformed 36 into the corresponding nitriles in ethanol at 65 ºC within 1.5−3h. The yields obtained were in the range 43-98% and were in accord with the reactivity of the halide precursor.
PS-Fluoride
Amberlyst A-26 anion exchange resin (hydroxide form) 111 can be converted to the fluoride form 37 112 by treatment with dilute aqueous hydrogen fluoride. Organic chlorides, bromides, iodides and methanesulfonates have been transformed into the corresponding fluoride by refluxing the mixture in hexane. Good yields are obtained starting from primary halides, whereas for the secondary halides the elimination pathway predominates giving the olefinic compound. This can be suppressed by synthesising the appropriate methane sulfonate derivative as these are less prone towards elimination.
Olah has reported 38 the preparation of poly-4-vinylpyridinium poly(hydrogen fluoride) 113 (Scheme 13) from commercially available cross-linked poly-4-vinylpyridine and anhydrous hydrogen fluoride. The orange / brown coloured polymer fumes when exposed to air but when dispersed in an organic solvent it provides an anhydrous source of hydrogen fluoride. It has been used to convert a range of alcohols to the fluorides under mild conditions and with good yields. In this way cycloheptanol 118 was converted to fluorocycloheptane 119 in dichloromethane at room temperature over 6h (67%). Alkenes and alkynes can be hydrofluorinated: 1-methylcyclohexene 120 was converted to 1-fluoro-1-methylcyclohexane 121 in dichloromethane at 0 ºC within 1h (80%). When alkenes are treated in the presence of N-bromosuccinimide then the corresponding vicinal bromofluoroalkanes are obtained in good yields.
Supported bases
The polymer supported versions of the commonly used bases such as N-methylmorpholine 122, diisopropylethylamine 123, dimethylaminopyridine 124, carbonate 125 (Scheme 14) and hydroxide 111 (Scheme 13) are commercially available and can be substituted for the soluble type with little or no effect on the reaction kinetics. Ganesan 39 has used Amberlyst A-26 (hydroxide form) 111 to mediate a Dieckmann cyclisation in the synthesis 
Scheme 14
This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. of a library of 2,4-pyrrolidinediones (tetramic acids). The α-amino ester derivative 131 (Scheme 15) was treated with PS-hydroxide 111 in methanol at room temperature over 16h. Once complete only the successfully cyclised tetramic acid 132 remains bound to the polymer support, other components are simply washed away. The product 132 was released from the polymer support by acid treatment (0.4ml of trifluroacetic acid in 10ml of methanol, 30mins) giving the tetramic acid 132 in good yield (80%) and high purity (92%). A range of substrates were used, working best for those containing a reasonably strong electron withdrawing group alpha to the ketoamide (i.e. 131, -CN).
The monomeric bicyclic guanidines such as 1,5,7-triazbicyclo[4.4.0]dec-5-ene (TBD) 126 and 7-methyl-1,5,7-triazabicyclo-[4.4.0]dec-5-ene (MTBD) 127 are well known strong organic bases for organic synthesis. PS-TBD 40 128 has been used for the esterification of carboxylic acids and for the alkylation of active methylene compounds. Phenols like 3-methoxyphenol 133 can be adsorbed upon PS-TBD 128 in acetonitrile at 25 ºC. The PS-TBD 128 not only acts as a base but also as a repository for the phenolic anion. Treatment with an alkyl halide such as 2-bromoacetamide produces the O-aryl ether 134 in good yield (70%) and high purity (95%). Any unreacted phenol is ionically bound to the PS-TBD 128. A more recent example of the use of this technique is provided by Boyle and co-workers. 41 A hydroxyphenyl porphyrin was attached to solid-phase via the hydroxyl group and after some synthetic manipulation was cleaved from resin to reveal the hydroxy group. This was then O-alkylated using PS-TBD 128, showing a good use of solid-phase chemistry and solution-phase chemistry using supported reagents. PS-TBD 128 has also been shown to be effective in mediating the N-alkylation of the sulfimide 135 to the product 136 in an agreeable yield (65%). In a later publication the same workers report the use of the organic super base 2-tert-butylimino-2-diethylamino-1,3-dimethylperhydro-1,3,2-diazaphosphorine (BEMP) 129 as the polymer supported variation 42 (PS-BEMP) 130; to N-alkylate weakly acidic heterocycles such as the indole 137 in acetonitrile at 25 ºC over 2.5h providing the derivative 138 (94%).
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Supported coupling reagents Scheme 16 The value of the carbodiimide coupling reagents such as diisopropylcarbodiimide (DIC) in forming amide or ester bonds is evident from their widespread usage. Their use is sometimes complicated by difficulty in separating the desired product from the N, N´-dialkylurea co-product. This has in part been addressed by the development of 12h and the cyclo-dehydration which resulted produced the benzoxazinone 143 in a good yield (75%), because uncyclised material remained on the solid support, the product 143 was of high purity (99%). Polymer supported 1hydroxybenzotriazole 46 (HOBt) 140 has been used in combination with coupling reagents such as bromo-trispyrrolidinophosphonium hexafluorophosphate (PyBroP). Reaction of these with carboxylic acids generate support bound active esters. These can be treated with a variety of primary and secondary amines to afford the corresponding amide. In this way 3-chlorobenzoic acid 144 was treated with PS-HOBT 140 in the presence of bromo-trispyrrolidinophosphonium hexafluorophosphate (PyBroP) in dimethylformamide at room temperature over 3h to give the active ester 145. Subsequent reaction with benzylamine 146 in dimethylformamide at room temperature over 20h gave the amide 147 in a good yield (85% 
Supported catalysts
The generation of hybrid catalysts which combine the attributes of homogeneous catalysts with the experimental ease of heterogeneous catalysts has lured many workers into this area of research. The promise of simple recovery and re-usability is usually hampered by the more difficult synthesis and characterisation of the support bound catalyst. The solid-support also leads to a perturbation of the function of the catalyst.
The catalytic system devised by Sharpless for the asymmetric dihydroxylation 48 of olefins using the cinchona alkaloids was heralded as a landmark achievement. Not surprisingly polymer supported versions have also been reported. In a quest to ease the recovery of the ligands after the reaction is complete, the use of PS-cinchona alkaloids has been studied. These suffer from the disadvantages of longer reaction times and lower enantioselectivity. This has led to the recent introduction of PEG-supported alkaloids 49 which give similar reactivity and enantioselectivity to the original Sharpless system. Bolm and co-workers have reported asymmetric dihydroxylation with silica anchored alkaloids. 50 conditions outlined in Scheme 18, the keto group of 3oxo-pentanoic acid methyl ester 156 was reduced to give the β-hydroxy ester 157 in quantitative yield and high enantioselectivity (99%). Similarly 2-acetylamino-acrylic acid 158 was reduced to the product 2-acetylamino-propionic acid 159 in 70% yield and with 75% enantiomeric excess. The recovered catalyst was re-used and showed only a small loss in turnover. Leaching of ruthenium was measured using inductively coupled plasma atomic emission spectroscopy (ICP-AES) and confirmed that the products contained less than 1 mol% of ruthenium.
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Multi-step synthesis using supported reagents
In recent years a number of publications have appeared from research groups describing multi-step syntheses using supported reagents and scavenger resins without the need for chromatographic purification of the intermediates at all. The development of these multi-step methods using supported reagents has been best exemplified in the six and ten step linear syntheses of the natural products (±)-epimartidine 52 167 (Scheme 19) and (±)-epibatidine. 53 The synthesis of (±)-epimartidine 167 will serve to spotlight this initiative. Starting with a PS-perruthenate 14 mediated oxidation of 3,4-dimethoxybenzyl alcohol 160 in dichloromethane, using the conditions already described (Section 2.1.2) the aldehyde 161 was produced in quantitative yield. This was then reacted with the primary amine 162 to form the corresponding imine which was reduced using PS-borohydride exchange resin 2, to give the secondary amine 163 in 90% yield. The trifluoroacetamide 164 was formed in near quantitative yield (99%) using trifluoroacetic anhydride and a PS-dimethylaminopyridine 124 equivalent. In the next step the intramolecular phenolic oxidative cyclisation was best achieved using PS-diacetoxyiodobenzene 23 in trifluoroethanol to give the desired para-para´ coupled product 165 (70%). In the next step, PS-carbonate 125 was used to effect the intramolecular 1,4-addition to give 166 quantitatively. Finally, the keto group of 166 was reduced with PS-borohydride exchange resin 2 in methanol using either nickel chloride hexahydrate or copper sulfate pentahydrate additives. Thus completing the synthesis of (±)-epimartidine 167 without any chromatography.
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Conclusions and outlook
Supported reagents simplify the workup of a reaction, allowing the immobilised reagent or reagents to be easily removed from the reaction mixture using filtration. Within our medicinal chemistry department, chemists are using supported reagents in an effort to reduce the time spent synthesising molecules. Often this acceptance of an unfamiliar technique has been driven by the pressure to decrease the time taken to find new drug candidates. Reports of new supported reagents, coupled with innovative applications within synthesis and much improved commercial availability should help to ensure an increase in their usage. We hope this article will help to dispel some of the confusion experienced by our colleagues planning syntheses using supported reagents.
Suppliers
In addition to the well known chemical suppliers, the companies listed below sell many of the supported reagents mentioned in the text.
